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(54) METHOD OF MANUFACTURING SEMICONDUCTOR MODULE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of 
manufacturing semiconductor module by which joining can be 
performed in a short time at a low temperature and more highly 
reliable joints can be obtained by performing joining without 
using any soldering medium. 

SOLUTION: This method of manufacturing semiconductor 
module includes a first joining step of joining a first circuit 
electrode 31 formed on a circuit board 30 to the rear-side 
device electrode 1 1 of a semiconductor element 10, a second 
joining step of joining the surface-side device electrode 12 of 
the element 10 to one end of a lead frame 40, and a third joining 
step of joining the other end of the frame 40 to a second circuit 
electrode 32 formed on the circuit board 30. Each pair of 
electrodes to be jointed to each other is joined by respectively 
solid-liquid diffusing low-melting point metallic layers 20 and 21 
into the electrodes by heating and pressurizing the layers 20 
and 21 after the layers 20 and 21 are formed on one of the 
electrodes. 
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IiU, l5SI©t^4tlCli)ilcIfI?:jl5:HS'C^ ±E© B «*» b ©-fix 
*tf*f-e#5. £ © J: 5 f£M®4kftX<h Z£&mj£ft<om$L&lt tt, £tT©H-H 

[ 0 0 5 7 ] 

&TO (1) 5t© <t 5 ft , #***©*«©**£EfcH1-5Raoul t ©SHUfctfc 
[ 0 0 5 8 ] 

im i ] 

a, = x, (1) 40 

*J»tS«*EfcPi H, i j*^©«ff«tlSlc*5»t5SK«tffiS: p , (0 ) ttntf, £S 
|C < t9,a i =p i / / p i(0) T*fe'5o 
[ 0 0 5 9 ] 

±fe© (i) a:is*©***ici-5»'&ttf»-c*>5©"e» ^ ^ a s *r a o u 1 t© 

ifcaiJi6»e>J?<0g*-f JxT^aa»&*1-fc*fc, ^T© (2) SftlJtlSffilitvi 
£ ffl v 5 o 
[ 0 0 6 0 ] 



(10) 
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[ft 2 ] 

a i = Vi%i (2) 

ft 5 W T' , ( 2 ) SC S: ffl V> T , (4)SC<OJ;5li«^-cf5. 
[ 0 0 6 1 ] 
113] 

AG,=RTlna , ( 3 ) 

[ 0 0 6 2 ] 
[ft 4 ] 

AG,=RTlny i+RTlnx , (4) 

Gj (4 , HTO (5) St T- * 1" £ t # T- * 5 „ 
[ 0 0 6 3 ] 
[ft 5 ] 

AG i =X(l-X)(A iJ +(l-2X)B lj +C ij X(l-X)) (5) 

^J^«> Snln©#a^4©i^, ±IE©±5|;, In©*lfi!cf4X=52 
S n Ofi^liX = 4 8 -C* 5. 
[ 0 0 6 4 ] 

^wT% IniCutCSgttHIU (5) SC<D#«.ftf£ A , , = - 1 2 9 9 0 

Bi i =- 1 4 3 8 3 ,C ij = 2 3 9 8 2 1 X= 0. 5 2 *ftAt5i:, 
[ 0 0 6 5 ] 

[ft 6 ] 

AG ( =-1 6 0 4. 6 2 J/mol (6) 

a*#fe*lS. n«|C, SntCutOg^tt^tiLT, (5) St © # ffi ft A . . = 
-35479, B j , = -19182, C, , = 59493, X = 0 . 4 8 *ttAt5t 

[ 0 0 6 6 ] 
[ft 7 ] 

AG i = -5 3 4 0. 6 5 J/mol (7) 

(3) SCt (6) SC4 5, 1 n -C uR^MDSgia^^, (3) 
SC£ (7) SC4.9, Sn-CuSJSKfctJ5}Sla B %*65i, ( 8 ) (9) ^ t 

^' ^^'t, R=8. 3 1 4 [ J • m o 1 " 1 ■ K - 1 ] , T = 7 0 0 K ( 4 2 7 t)f 

[ 0 0 6 7 ] 
[ft 8 ] 

a A =exp (A Gj/RT) =0. 8 3 5 (8) 

[ 0 0 6 8 ] 
[ft 9 ] 

a B =exp (AGj/RT) =0. 6 3 2 (9) 

M W *3 * £ Effijjfe £ x a . x B 1 -Tft « . SK»*3lCJ*j A /j B tt % HT« (1 0) f 



' (11) ■ 
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[ 0 0 6 9 ] 
[ft 1 0 ] 

J a/ J b= ( » a P a/ a B P a) (M B /M A ) ,/2 

= (7aXaPa/VbXbPbHMb/M a ) 1/2 =Z(x a /xb> (10) 

1 0 0 7 0 ] 
[mil] 

Z = (7 a Pa/7bPb)(Mb/M a ) 1/2 (ID 

r © (l o) , (l l) SozcfiM t45if Mj£#it;5 s *;©£•&©*.&$ ( 

In<omfi)<;:z A =52, Sn©ijfiJ&:% B =48) t § L < 4 5 ^fettT fc 5 . tot, ( 
1 0 ) * J3 V> X , In©#^-;fcM A =114. 8 18, S n O^f |M,= 1 1 8 . 7 1 
0, a A =0. 835, a B =0. 632, Z = 1 IrftA lt> 

[ 0 0 7 1 ] 

[ft 1 2 ] 

( P a/ P b) =Z.(z A /x.)(a »/ a A ) (M A /M B ) l/2 =0. 81 (12) 
Ufc^o T , r © (12) SC«r»fc-t-tllE«ffii:4*J:5ft*#T-e3ll#i- 

5;it', I n : Sn=5 2 : 4 8 i45 J; 54, C u ± ^ © S n I n & &<Of8.m& 

*r m 1 4 s . 

[ 0 0 7 2 ] 

4*3, ±IE©MJEJt (p a /pb) «, £*»©fi«, ^ # * © JE £ 

fcioTttflPPllB-Cfca. r © 5 , M % ffi. X 3 & © it X ft , « 

*5. t'- A » * * * - © W «E fc: J; >9 »»tt*Oft-d-A©a«asajft1-5 t , # & JR 

[ 0 0 7 3 ] 

3£#<P©X£gli, SR#Wrt SrKffl^^^-CKSSI § U4*s ltt5„ 

[ 0 0 7 4 ] 
[ 0 0 7 5 ] 

* fc, In-CuSSfciySn-CuRfSCfilUgiaA, a B £jfc«>5Kn;:(5 

If Mtl:#t5t-?JiiflSlr^It5 0 
[ 0 0 7 6 ] 

4*3, * X 93 *s T f* , ±iE©Si*i$©#&Rj*#©E£i8gfc:fctt3£ftffiJfc©ft: 
# & R * ^ © K )£ i8 S *3 »t 5 §K * Jt R t/S iff » it © « 4: *J » U T fc i . 
[ 0 0 7 7 ] 

i © 4§ , #J £ (2 , Sn I n#*^4l:*5tt5, I nj3iVSnO#»rt*W A , W B 
(**%) t'^ti. BT© (1 3) , (1 4) St45. 
[ 0 0 7 8 ] 
[ft 1 3 ] 

X A =1/(1 +(W B /W A )(M A /M B )) (is) 
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[ 0 0 7 9 ] 
1 4 ] 

*b=1/(1+(W a /W b )(M b /MJ) 



(14) 



Lft#oT,lIO(l3), (H) St (10), (11) SlcftALT, I« 

mi&mmttr A /r B te, ht» (15) xx-mztiZo 

[ 0 0 8 0 ] 
[ft 1 5 ] 

r A /r B=(y A x A p A /y BZB p B ) (m a /m b ) ,/2 

- C y a p A / v b p B ) (m b /m a ) 1/2 (w A /w B ) (is) 

(13), ( 1 4 ) £fc*wc, In»»ftM A =114. 818, SnO.^^ftM 
b-118. 710, I n Cli%W| = 0 . 52, SnCH%W,= 0. 48^ftAt 
5 £ , x A =0. 528, % B = 0 . 4 7 2 £#-5„ 
[ 0 0 8 1 ] 

L/ctfSoT, (15) ^ ©^521 ( r A / r B ) » 0 . 52/0. 4 8 tft5i54 (7 

aPa/vbPb) oit*.«-Jfi-5i, 

[ 0 0 8 2 ] 
[ft 1 6 ] 

( ^^/v B p B )^ ( r A /r B )(M B /M A )-(, B /, A)=0 . 98 . (16) 

* #6h4 ' Lfc^oT, (16) S^lfet&fiSSVIMEtis^^ 

ttTT-lttKif, I">:S n = 5 2:4 8 i^J:5< f , Cu±^©SnIn#fi 

[ 0 0 8 3 ] 

o 

[ 0 0 8 4 ] 
[ 0 0 8 5 ] 

r i J; ►) , MflEJttfS2Hfc-f-.5 0 
[ 0 0 8 6 ] 

I n, s n i»*fA*c u fcoR«K:*rt*S*a*fSfti-5*, ai^jtutK 

[ 0 0 8 7] 

If1'OKa«*J:V«tJHioMoftHpj|o V ^ ft4 ,- 0(9|| 

[ 0 0 8 8 ] 



(13) 
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[ 0 0 8 9 ] 

«fc 5 ft K RB5t <* ft 5 t> © -Cfi ft < , H^^WS-^^ t Mft 5iS^©^#I^Sr#5 
"C, ^•#m^^c75^^iIitwa^ig^®&5v>(i#^M^^ro^«ffiltRU ; «l:#^Jtw 
[ 0 0 9 0 ] 

*Ki.fiiKjS&*Ji20i:3Sl|El»*««ffi3 1±i:4S»lRlLfctt«d»e>, 01 ( b ) 
titiil:, 0&BlSS«3 0«^#»;**TS«1-3.}:5fcE1I1-5 

. -tLT, cro^ffiT-, 2 0 0t;«T-C»»lPJESrfrft5 4:, (6i»^^S®2 0^^i»L 

, jtfc , lii^iii i-ftt;*iia»«tt3i«i">.H*a:iftu-c, jb i m&jLm&n ft 

[ 0 0 9 1 ] 
[ 0 0 9 2 ] 

* IS g»3 & T fi , r (DJto&Jnffi £ 2 0 0 tKTffr ft 5 J: 5 £1*5 r. t 5. - 
fliat), !S3l5©ttA/«S5^fc*S«-5-jRWftlO*lffl«-eab5, 2 0 0 - 2 5 OttJt^ 
■C (S a T? © # ^1 16 £ ft 5 © -C- , ^ « * ^ l 0 -oilHiy^ - i^^»x.5 r t ist't 
5. r. JEfc, «-&«f©Jni»fi«li, filiS^Ii 2 0©S^i 5 o~i o ot^ 

[ 0 0 9 3 ] 

* fc , {SS!!^&^l20ds, X ffi » « l Ifttf*illi!&«tt3i1»~£ 

itiisiittsif, ap jr ao je « *s § n 5 r t « * iv\ uiaot, »£■ 

fe#«!I«fcflji»oTfi-Il^fcM©»£^Iifc*r-*-5;4S, LT#-©^^g t ft 3 

5&^#**»#tf=f~flc#-frT . ± 5 w £ lefts, LfeiSot 

, JfctfcLT, g5«!«©fl|«[tt«r|<t|±S*5r 5. 

[ 0 0 9 4 ] 

, /£7J, fc-fcoTj* ft 5 ffl»> 10-I80»f*5' 

o 

[ 0 0 9 5 ] 

ft 5 # , jflUttl 0~30MPaffc5. ft *J , #l X. « , t|^*|KJ:oT»*' 
$ti5«^gffi©J:5(C, i^t^f ljff»tS$S»$iiJRaliSO. 4 ~ 1 0 /i m 
©aiB-CfcS*^^*), <8»j6£*#*»LTIfflin,ii*;fc*1-a©"C, ± IE © *D & # T* 

[ 0 0 9 6 ] 

ft *j . «r k © ± 5 k , ffi it A A « i a* , 2iw±©*-^mi^Kf&^*-c#f J ti,5-g- 

2lHiC*-4II^HSHt^4l^i^L > ^©&. 2 0 OMTT-JUnMEE^ 



(U) 
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[ 0 0 9 7 ] 

a«-et5*. flttf, Snli I n|ii^45 2llsJ©*^|:|i 1 110-125 
[ 0 0 9 8 ] 

- # , * * W K *s -c f± , fiiA^H2 0^:, S a S ?- tt ft i i»t;3SiiajS«ffi3 
1 fcoiBfcf W*A«*r»iai-S4-e, £Pift;JjnE;tKI§£#ftf?FLT t> rfttcfcfttf, 
*±fctt4S**i\ fM^4«Sr»rii1-5a»4-eaiJI!l-ffttfS95©-c 

ftS/$s, J:eoftB*A*ftft^K:tt*S*5Sll|[»«fc-jt^Tfi<, ilio-150 
fj>-cfc^. r©**»fc*j»j* % fffi^4i<DS§iii~5(,mTfc5:Hss* 

[ 0 0 9 9 ] 

4**, *IB£&S#»j*3ftfc«fcsfe|iJ©ffilK£&JR;is»#l-5#-&, r © £ » © ffi it 
^affile «t t) S-g-aJofflOffi^^^Jf Ltli-f- «t 5 J-1-fttf , (£»£&£©#£*«, 

I'M'^Aasrjgjai-ifcfto^sujiifcfffi&sft-ciaftHriv^o-e, (Sia^^jR w«if& 

#Hi:JfLlllt:tlJiSfttft^i^is#< 1 J: 5 <c*^Ktt, * m £ j| * £ j* 
1-*fc»©iJ»**rH-ffi»*A«*J«»*ft5 J: 5 -J-fcfr*,, £iR£&0|jf 

[0100] 

*»«K*iV^-ci4, 0 2 K*tJ: 5 fc. fil^tll 2 o iSff^ $ tvfcllf^ tg l 
It. ^lli1^«S31t^^lpJ-t-^J;5 ( ciaBLfc^^T-, IK, f* l- 5 0 0 ).m 

©AKfiasfctfi&Lfct*, 2in M E £ 4 o t t> <fc ^ . 

[0101] 

& }3 T t> |SJ g £ fl- © ft fc L Jf & » o T V* < © T* , & £ Pfl # PS £ £ ft T ^ T t> , 
[0102] 

±fE© 1 *f©a«©«^^^a#J(E|.T-4)o T, *ft**ft©«1S^©{£jiL6&ji© 

l {> c 1 3 ra^^w©&t5:Lfcs^ltf:^oTv^<©T♦.^slj!^^m©44©*s^£;s^55>>55s#L 

[0103] 

Ll^. #Jxlf, H 2 fcfcHT, iBiflgl HSN i f fct), SB 1 HJ&ttH 3 1 
^CufJiSi^lcit, ffi!8£&Jg©ftifcifgiiCu©l3:5#*t^©-e, * Pfl g # © 

[0104] 

© * 5 JC& # J9t # L 4 ^ J; 5 1" 5 - t # T* t ft fc£ J; ^ „ 
[0105] 
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4*3, ±E©tf«^ltt tXili^tit^llfStfcv^T, (&j»£&JRS2 0fci? 

0 £ M L T # < « $ K pg £ £ ft £ t> » T- 14 4 < , ISif IS 1 l£tf»lHll&««3 

1 OH*fe«»*AllJi 2 0 tr»* U-C*J< «J*T? t J: < » *fc, &JR « 3 5 <D Jt B fe 5 
VMiSffi|:fii*41I 2 0 £M LT*S < MT-fcoT t t^. 

[0106] 

01 (c) (C^i. ? (c, 8iSMt45L?«»^-K71/-A405; 1 ¥3? 

^^^io±ic^^$n-ci/>-5*ffis^«ffii2±icsagi-5o tit, ^(ommmm^ 
*{£sa^^jse2 nsi^jjit^s, 

[0107] 

£ *l 4 V> . * , F e , N i , Si, Z n , A g , Sn^WflfeW^JR5cSIAS|»ftSSJPe?il' 
TV^tt iV\ * fc , £ ® , m 7L M , N i ^ , N i/Au©^ ?-Jf-|iJig(tf,ilTV^ 

t> J: . ft *3 , *^Bj|cibMt5^^^WtLT«y-K7V'-i>.(DJ:5ft«^^ ! fc.oi-« 

[0108] 
[0109] 

^ Lt, 01 (d) i;^tJ;5i:, SnMJEglS 5 0 ^ 4 o T »MJE L, ¥*&i|f^ 
1 Ol0«IlflSl 2J:, !)-K7l'-A40O-Iit»^t5. r^lUot, 

tiomtom ii, s^sn ± o -rasa #-rs - t 

[0110] 

iifclC, 01 (e) (£ * 1" 4 5 , !)-K7I/-A4 0©I*«ri*S*Tfifl5*5. 
* U T , 4- « tt , 01 (f) K ^ -f J: 5 I- , iiiiJpffgis l laot, SI 2 0 g§ « H 3 
2t, !)-K7l'-A4 0Ol*itr8^t5. tl \z £. x , &M &m M 2 1 ®f& 
L , 3E (£ , £2|I||&M3 2RtM-K7l'-A4O0ffeiB*^HSti£ttL-t, |3g^ 

ig#fr4fc>*i,$. r ©»©ioJ»JQff »£• £ ft 5 <o# 

[0111] 

W±CD^1^^XS, S2g^Ig> US 3 S-^XSiC 4 5 , * i* fl: * 5? * - /KD §t 3ft # 
^7t5. 4*3, *8Wi:*^Ttt, ±K©{£»j£&MJifcJB^fc»£'tt, rroHJfe^li 

oi jct'tTos^is-effftfent^-ct i< 4 ^i~3S^xs<^5% / >4< tt 
I * tt #1 ] 

[0112] 

UttH 1 

[0113] 

i/iiifti Ht, «^af as a u s t i /n i / a u a» e> 4 a 3 

[0114] 



(T6) JP '2004-1 1 1 936 A 2004. 4. 8 

3 2mnfflCui>645li*»*Lfc 1 
[0115] 

* , SiilJ Ht, 1^0. 2 5 m m © C u -£&75» b45 D - K7 l^-A^l^fc 

o 

[0116] 

, Snln (ill I7t) ^&feSttMja&JlJI*,Xiii*?-«ff±£5#iiiit 
II - K7U-AC^i4il:5 u m £ * /< y $ ]) V V \c X 9 M L fc „ 
[0117] 

01 (a) ic^i-i5f-, ^^^ifciiiftit, jr i mmmm t ©& 10 

g £ fc> * fc Si (b) CSti5tSn I n ©Wi t) 2 otil^, 111 3 7t 
, JETl 3 OMP a 18 0 g> Fp8 *P M JE UI 1 ft*I8*lfftofc. 

[0118] 

!kic s mi ( c ) « J: 3 , L*ttoy-K7U-A4 0*r, ¥*#*-?Jtl!:JBjiJl 
SJx-C^SfcM-fMifcEIIL-C* Ell (d) * 1" J: 5 » M 1 3 7 "C v E 71 2 
OMP a 1 2 0&|l|l0llllflIJELT*2»-&-Igt:fr4ofc o 
[0119] 

*©«» 0 1 (e) l:ft±5l^ U-K^w-AoffiiBSrJBftS-tirTfffl**, !U SS 
X&±l::M§*XTl>5SS2[Elggmiii:, JI-K7V-A©tejBfcSr, jail 8 Ot, JE 
7J30MPaT', 1 2 0 g> R JP ft *P JE L T $ 3 g £■ X g £ fr 4 W * i* ft * 5? a - * £ ft 20 

[0120] 

A, fc* £ JB ^ "f f- , M*fcfla?2 0 0t«TK:fc^T¥*#*^=.--/V'©Jl 

it ifiss m t- *> o it „ 

[0121] 

IS 16 09 2 

2IJ6$lK:fc^T,<61B£&JSl£,¥-&JRJfiL-C, S n g 0 . 4 8 m , I nl 
0. 5 2 Mmro^ftl jjmt)i5i 5 1^^'^ !) i D ffitfl Ltff^ L, Hi 

~3g-&IS©-ttv€iX^*3^r, S«12 0'C-eiOS>|B]©^fltairR&fT^, Suit 

I ngt?r@^^-B-TSn I n©£-&Ji£#fc&, jBl~3tt-&I»*fTofc£t*fi, £g 30 
Jtffll 1 i:ro*©*#-e¥i*f*:*$*»-*fc»iftLfc. 

[0122] 

H J£ #J l t p « , it k> 1t Z JS v> -f tc , #p a g 2 o o <t .£1 T \c js 
[M-k©*Ifl!*riBtt] 

[0123] 

# 38 91 tt , 011 X tif , U- K7U-A^»7/1'5 7^t#>f-f y^trfflV^fc, /< !7 - ¥ 3g 

fls ^ © ¥ £ # * - # jg t *ij # t- # 5 „ 
[BflB©«¥fc'KW] 

[0124] 40 

[mi] *%w<DM'&%m<D-mMMm$:7F-tJL.Mmx<h-ox . (a) «® pg±£#p5] $ 

•tirfcttffiK (b)JSl»-6-xaSrffftoTV^5tt«|, (c) y - K7 v- A tEI 

IS , (d) l^g^XgSrfT ft oTl^ (e) y - K 7 1/- A ©li8 ?r If] L T 

5ttl> (f) ^3SE-g-XS§r^T/ioTV^5^filtr^-r0-efe5. 

[02] *3BW©»3g*ttt*i»t 5, H 1 g^Xe©ft&©Hig^)iT*feoT, & JS ?g £ ^ 
^L/c^ffi^*1-0-Cfe5 o 
[0 3] !£*R»fc:fctt3¥i*fl^^a-*©«l&«j*|g-efc.5 0 

I # © n w i 

[0125] 

1 0 : ¥m&m* 50 
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